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(§) FCCU regenerator catalyst distribution system. 

(57) Disclosed are devices for introducing and uniformly distributing spent catalyst into a regenerator bed 
of a fluid catalytic cracking unit These devices comprise either arms which radiate from the spent 
catalyst riser or a (part-)annular ring. Each arm or ring is open at the bottom and notched at the bottom 
edge of the side. Also disclosed are other devices for collecting and discharging regenerated catalyst 
from the regenerator bed. These devices provide more uniform contacting of the spent catalyst particles 
with regeneration gas and are consequently more efficient and complete regeneration. 
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BACKGROUND OF THE INVE NTION 

Field of the Invention 

The present Invention relates to the regeneration 5 
of catalysts employed in a fluid catalytic cracking pro- 
cess. More particularly, this invention relates to the 
introduction of spent catalyst into a regeneration zone 
by means of a catalyst distribution system comprising 
stationary distributor arms. A further aspect of the 10 
invention relates to the discharge of regenerated 
catalyst from the regeneration zone by means of a col- 
lection system comprising a shrouded catalyst outlet. 

Description of the Prior Art « 

The fluidized catalytic cracking of hydrocarbons 
is well known in the prior art and may be accomplished 
by a variety of processes which employ fluidized solid 
techniques. Noimally in such processes, preheated, 20 
relatively high molecular weight hydrocarbon liquids 
and/or vapors are contacted with hot, finely-divided, 
solid catalyst particles either in a fluidized bed reac- 
tion zone or in an elongated riser reaction zone. The 
mixture of hydrocarbons and catalyst is maintained at 25 
an elevated temperature In a fluidized state for a 
period of time sufficient to effect the desired degree of 
cracking to lower molecular weighthydrocarbonstypi- 
cat of those present in motor gasolines and distillate 
fuels. 50 

During the cracking reaction, coke is deposited 
on the catalyst particles in the reaction zone, thereby 
reducing the activity of the catalyst for cracking and 
the selectivity of the catalyst for producing gasoline 
blending stock. In order to restore a portion, prefer- 35 
aWy a major portion, of the activity to the coke con- 
taminated or spent catalyst the catalyst is transferred 
from the reaction zone into a regeneration zone. A 
typical regeneration zone comprises a large vertical 
substantially cylindrical vessel wherein the spent 40 
catalyst is maintained as a fluidized bed by the 
upward passage of an oxygen-containing regener- 
ation gas such as air. The fluidized catalyst forms a 
dense phase catalyst bed in the lower portion of the 
vessel and a dilute catalyst phase containing 45 
entrained catalyst particles above, with an interface 
existing between the two phases. The catalyst is con- 
tacted with the oxygen-containing regeneration gas 
under conditions sufficient to bum at least a portion, 
preferably a major portion, of the coke from the catal- so 
yst Flu gas, which normally comprises gases arising 
from the combustion of the coke on the sp nt catalyst, 
inert gases such as nttrog n from air, any unconver- 
ted oxygen, and entrained catalyst particles, are then 
passed from the dilute catalyst phase into solid-gas 55 
separators within the regeneration zone (e.g„ cyclone 
separators) to prevent excessiv losses of the 
entrained catalyst particles. The catalyst particles 



separated from the flue gas are returned to the dense 
phase catalyst bed. The regenerated catalyst is sub- 
sequently withdrawn from th regeneration zone and 
re-introduced into the reaction zone for reaction with 
additional hydrocarbon feed. 

For maximum process efficiency, it is important 
that there should be uniform dispersal and distribution 
of the spent catalyst entering the fluidized bed of the 
FCCU regenerator. For example, dead catalyst zones 
will cause deactivation of the catalyst On the other 
hand, if the catalyst exits the regenerator by a shortcut 
before being adequately dispersed, it will experience 
incomplete regeneration. It has been estimated that 
several pecent, for example 2 to 5 percent, of the 
catalyst typically short-circuits the regenerator bed 
and is therefore not sufficiently regenerated. 

In the prior art, spent catalyst typically enters the 
regenerator vessel through a riser, or vertical conduit, 
which terminates just above a grid. It is known to def- 
lect the incoming catalystflow by means of aflat plate 
above the riser outlet However, there is usually no 
positive distribution of the incoming catalyst through- 
out the bed. As a result of incomplete distribution, con- 
centration gradients of the gases leaving the 
regenerator bed are produced and localized after- 
burning, in the cyclones above the riser or above the 
overflow well, may occur. 

It has been the practice to merely correct the 
symptom of afterburning, by providing more holes in 
the regenerator grid near the spent catalyst entrance. 
In some units 55% of the regenerator grid holes are 
in the side of the grid near the riser. However, this 
unequal hole distribution results in bed velocities 
much higher in this area, particularly when taking into 
account the 10% regenerator air entering with the 
spent catalyst These high gas velocities cause shor- 
ter gas residence time in the bed in this area. They 
also cause pronounced gulfstreaming of the catalyst 
in the bed, which brings high-carbon partially regen- 
erated catalyst to the top of the bed where it can short- 
circuit to the overflow well outlet The high gas 
velocities also increase entrapment in that area of the 
regenerator vessel. This is a particular debit to a unit 
running at maximum velocity as limited by entrain- 
ment Thus, there would be a capacity credit for even 
distribution. Of course, if there is uniform gas compo- 
sition leaving the dense phase fluidized bed, then 
there would be a much reduced chance for afterburn- 
ing, thus correcting the cause of the problem rather 
than the symptom. 

It is also conventional to employ an overflow well 
to collect regenerated catalyst from the regenerator 
bed for return to the reaction zone. Such an overflow 
well also provides for control of bed height, particu- 
larly if gas/solids in-flow perturbations occur. How- 
ev r, the conventional overflow well is subject to 
certain problems. Typically, in a fluidized bed such as 
inthereg nerator, both dense pha olids and also 
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regions of lower density "bubbles" rise through the 
bed, with phase disengagem nt occurring at the top 
of the bed. It is known that the bubbies rising through 
the regenerator bed, 95% of gas flow, have a particle 
wake and tend to drag catalyst to the top of the bed 
very quickly. The catalyst particles then gradually 
migrate downward in the bed. Thus, a conventional 
overflow well can be fed by high-carbon spent catalyst 
that has been brought to the top by the bubbles. It is 
known to shield the overflow well or catalyst outlet 
from the top of the bed by a shroud, so to prevent 
somewhat this bypassing. Preferably, the entry to the 
space above the overflow well is selected to provide 
the lowest-carbon catalyst, and the top of the shroud 
is restricted to reduce the amount of entrained catal- 
yst entering. Prior art shrouds are shown in commonly 
assigned U.S. patents 3,902,990 and 3,958,953. 

Solids distributors have been used outside the 
field of the invention. For example, U.S. patent 
3,784,108 discloses the use of equal rotating radial 
amis for distributing solids in a fluid bed combustor. 
Simflarty, U.S. patent teaches a rotating radial arm 
feed device. These prior art devices have arms that 
rotate, whereas the subject invention employs a 
plurality of stationary arms. The Kellogg Company is 
believed to employ spent catalyst distributors in their 
catalytic cracking units, although the specific details 
are not public to applicant's knowledge. 

An object of the present invention is therefore to 
provide an apparatus for maximizing the dispersion 
and distribution of the catalyst In the regeneration 
zone of a fluid catalytic cracking unit, so to prevent 
both catalyst dead spots and by-passing of the bed, 
and to thereby achieve sufficient residence time for 
the desired regeneration of spent catalyst 

Brief Summary of the Invention 

The present invention relates to mechanical 
devices to improve the introduction of spent catalyst 
into the regenerator bed of a fluid catalytic cracking 
unit and to improve the subsequent discharge of 
regenerated catalyst Improved catalyst (solids) dis- 
tribution into the regenerator bed is achieved, in one 
preferred embodiment, by the use of a catalyst dis- 
tribution system comprising a riser cap with a plurality 
of substantially stationary arms radiating therefrom. 
Each arm is provided with an internal passage or 
channel formed longitudinally therein, each internal 
channel communicating with one or more elongated 
ap rtures or outl t slots for the fluidized catalyst 

To assist in the discharge of the regenerated 
catalyst from the regen rator bed, a collection system 
is disclos d, comprising a shroud surrounding th 
regenerated catalyst outlet, which shroud is open 
above th surface of the dense phase catalyst 
regenerator bed and, in on preferred embodiment 
has inlet orifices for the entry of regenerated catalyst 



within the shroud, prior to the catalyst exiting the 
r generator bed via an outlet nduit 

The mechanical devices disclosed herein contri- 
bute to optimal catalyst distribution in the regenerator 
5 bed and avoid catalyst short-circuiting or dead spots. 
They also permit more even distribution of the regen- 
eration gas (preventing afterburning) and minimize 
entrapment of unreacted catalyst 

i0 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more clearly understood 
upon reference to the detailed discussion below in 
conjunction with the drawings wherein: 
is FIG. 1 shows a diagram of a first type of prior art 
fluid catalytic cracking apparatus to which the present 
invention is applicable. 

FIG. 2 shows a diagram of a second type of prior 
art fluid catalytic cracking apparatus to which the pre- 
20 sent invention Is applicable. 

FIG. 3 shows a bottom portion of a regenerator in 
elevational cross-section, wherein a first embodiment 
of the invention comprises, at the inlet a spent catal- 
yst distribution system and, at the outlet, a regener- 
25 ated catalyst collection system. 

FIG. 4 shows the apparatus of FIG. 3 in plan-view, 
looking down from the top of the regenerator, wherein 
it is seen that the spent catalyst distribution system 
comprises a plurality of radial distributor arms, and the 
30 regenerated catalyst collection system comprises a 
substantially concentric shroud surrounding a catal- 
yst outlet conduit 

FIG. 5 showns a distributor aim of the spent catal- 
yst distribution system of FIGS. 3 and 4 in side view. 
35 FIG. 6 shows a distributor arm of the spent catal- 
yst distribution system of FIG. 5 in transverse end- 
view. 

FIG. 7 shows a bottom portion of a regenerator in 
elevational cross-section, wherein a second embodi- 
40 ment of the invention comprises, at the inlet a spent 
catalyst distribution system entering from the leftside 
of the regenerator and, at the center of the 
regenerator, a regenerated catalyst collection sys- 
tem. 

45 FIG. 8 shows the apparatus of FIG. 7 in plan-view, 

looking down from the top of the regenerator, wherein 
it is seen that the spent catalyst distribution system 
comprises a split annular ring. 

so DETAILED DESCRIPTION OF THE INVENTION 

Having thus describ d the invention in general 
terms, reference is now made to the drawings, which 
illustrate various embodiments of th present inv n- 
55 tion. FIGS. 1 and 2 first illustrate typical prior art fluid 
catalytic cracking units to which the present inv ntion 
is applicable. Various items such as valves, pump , 
compressors, steam lines, instrumentation and other 
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process equipment and control means have been 
omitted from the figures r the sake of simplicity. 

Referring now to Fig. 1 , there is shown a vertically 
arranged cylindrical reaction zone 10 containing a 
fluidized bed 12 of catalyst having a level indicated at 5 
14 in which a hydrocarbon feedstock introduced at 
line 16 is undergoing catalytic cracking. Hydrocarbon 
feedstocks that can be suitably employed in a fluid 
catalytic cracking process include naphthas, light gas 
ols, heavy gas oils, wide-cut gas oils, vacuum gas 10 
ois, kerosenes, decanted oils, residual fractions, 
reduced crude oils, cycle oils derived from any of 
these, as well as suitable fractions derived from shale 
ol kerogen, tar sands bitumen processing, synthetic 
ois, coal hydrogenation. and the like. Such feed- is 
stocks may be employed singly, separately in parallel 
reaction zones, or in any desired combination. Hyd- 
rocarbon gas and vapors passing through fluid bed 1 2 
maintain the bed in a dense turbulent fluidized condi- 
tion having the appearance of a boiling liquid. After 20 
passing through cyclones 48, wherein entrained 
catalyst particles are returned to the bed via diplegs 
50, the hydrocarbon product, in vapor or gas form, 
exits the reactor through conduit 52. 

In reaction zone 10, the cracking catalyst 25 
becomes spent during contact with the hydrocarbon 
feedstock due to the deposition of coke thereon. 
Thus, the terms "spent" or "coke-contaminated" catal- 
yst as used herein generally refer to catalyst which 
has passed through a reaction zone end which con- $0 
tains a sufficient quantity of coke thereon to cause 
activity loss to an extent requiring regeneration. Gen- 
erally, the coke content of spent catalyst can vary any- 
where from about 0.5 to about 5 wt % or more. 
Typically, spent catalyst coke content varies from 35 
about 0.5 to about 1.5 wt %. 

Prior to actual regeneration, the spent catalyst is 
usually passed from the reaction zone into a stripping 
zone 18 and contacted therein with a stripping gas, 
which is introduced into the tower portion of zone 18 40 
via line 20. The stripping gas serves to remove most 
of the volatile hydrocarbons from the spent catalyst 
A preferred stripping gas is steam, although nitrogen, 
other inert gases or flue gas may be employed. 

Stripped spent catalyst from which most of the 45 
volatile hydrocarbons have been stripped, is then 
passed from the bottom of stripping zone 18, through 
a spent catalyst transfer line, such as U-bend 22 and 
interconnected vertical riser 24, which extends into 
the lower portion of a regeneration zone 26. so 

Riser 24 is shown entering regeneration zone 26 
ff-centerto avoid interference with the auxiliary heat- 
ing air from section 31 of the regeneration zone. Air 
is added to riser 24 through lin 41 and line 28 in an 
amount sufficient to reduce th density of the catalyst 55 
flowing therein, thus causing the catalyst to flow 
upward into th regeneration zone 26 by simple hyd- 
raulic balance. 



In the particular configuration shown in Fig. 1 , the 
regeneration zon is in a separate vessel (arranged 
at approximately th same level as reaction zone 1 0) 
containing a dense phase catalyst bed 30 having a 
level Indicated at 32, above which Is a dilute catalyst 
phase 34. The catalyst in the dense phase catalyst 
bed 30 undergoes regeneration to burn off coke 
deposits formed in the reaction zone during the crack- 
ing reaction. An oxygen-containing regeneration gas 
enters the lower portion of regeneration zone 26 via 
line 36 and passes up through a grid 38 and the dense 
phase catalyst bed 30, maintaining said bed in a tur- 
bulent fluidized condition similar to that present in 
reaction zone 10. The regenerator shown in FIG. 1 V 
improved by the present invention, as wfll be discus- 
sed in more detail hereinbelow. The present invention 
resides in modifying the regenerator portion of the 
catalytic cracking system of FIG. 1 by passing the 
spent catalyst entering the regenerator through a dis- 
tribution system comprising at least one distributor 
arm and also passing the regenerated catalyst 
through a collection system prior to exiting the 
regenerator. 

As is conventional, flue gases formed in regener- 
ation zone 26 during regeneration of the spent catal- 
yst pass from the dense phase catalyst bed 30 into the 
dilute catalyst phase 34 along with entrained catalyst 
particles. The catalyst particles are separated from 
the flue gas by a suitable gas-solid separators 54 and 
returned to the dense phase catalyst bed 30 via dip- 
legs 56. The substantially catalyst-free flue gas then 
passes into a plenum chamber 58 prior to discharge 
from the regeneration zone 26 through line 60. Typi- 
cally, the flue gas will contain less than about 0.2, 
preferably less than 0.1, and more preferably less 
than 0.05 volume % carbon monoxide. However, in 
partial combustion operation, the carbon monoxide 
content may increase to about 8 to 13 percent Typi- 
cally, the oxygen content will vary from about 0.4 to 
about 7 vol. %, preferably from about 0.8 to about 5 
vol. %, more preferably from about 1 to about 3 vol. 
%, most preferably from about 1.0 to about 2 vol. %. 
The regenerated catalyst is returned to the reactor via 
line 42. 

Oxygen-containing regeneration gases which 
may be employed in the process of the present inven- 
tion are those gases which contain molecular oxygen 
in admixture with a substantial portion of an inert 
diuent gas. Air is a particularly suitable regeneration 
gas. Alternatively, air enriched with oxygen may be 
employed. Additionally, if desired, steam may be 
added to the dense phase bed along with the regerv 
ration gas or separately therefrom to provide 
additional inert dSuents and/or fluklization gas. Typi- 
cally, the specific vapor velocity of the regeneration 
gas will be in the range of from about 0.8 to about 6.0 
feet/sec. preferablyfrom about 1.5 to a bout 4 feet/sec. 

Referring to Fig. 2, an alternat embodiment of a 
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catalytic cracking unit to which the subject invention 
is applicable is shown. Th op ration of this mbodi- 
ment is generally similar to that previously described 
in FIG. 1. In this mbodim nt, h wever, a riser reac- 
tion zone 110 comprises a tubular, vertically extend- 
ing vessel having a relatively large height in relation 
to its diameter. Reaction zone 1 10 communicates with 
a disengagementzone 120, shown located a substan- 
tial height above a regeneration zone 150. The catal- 
yst circulation rate is controlled by a valve means, 
such as slide valve 180, located in spent catalyst 
transfer line 142 extending between disengagement 
zone 120 and regeneration zone 150. In this embodi- 
ment hydrocarbon feedstock is injected through line 
1 12 into riser reaction zone 110 having a fluidized bed 
of catalyst to catalyticaliy crack the feedstock. Steam 
may be injected through lines 160 and 162 into return 
line 158 extending between regeneration zone 150 
and reaction zone 1 1 0 to serve as a diluent, to provide 
a motive force for moving the hydrocarbon feedstock 
upwardly and for keeping the catalyst in a fluidized 
condition. 

The vaporized, cracked feedstock products pass 
upwardly Into disengagementzone 120 where a sub- 
stantial portion of the entrained catalyst is separated. 
The gaseous stream then passes through a gas-solid 
separator, such as two stage cyclone 122, which 
further separates out entrained catalyst and returns it 
to the disengagement zone through diplegs 124 and 
126. The gaseous stream passes into plenum cham- 
ber 132 and exits through line 130 for further proces- 
sing (not shown). The upwardly moving catalyst in 
reaction zone 110 gradually becomes coated with car- 
bonaceous material which decreases its catalytic 
activity. When the catalyst reaches the top of reaction 
zone 110, It Is redirected by grid 128 into stripping 
zone 140 and subsequently into spent catalyst trans- 
fer line 142, where it is contacted by a stripping gas, 
such as steam, entering through line 144, to partially 
remove the remaining volatile hydrocarbons from the 
spent catalyst The spent catalyst then passes 
through spent catalyst transfer line 142 into dense 
phase catalyst bed 152 of regeneration zone 150. 
Oxygen containing regeneration gas enters dense 
phase catalyst bed 152 through line 164 to maintain 
the bed in a turbulent fluidized condition, similar to 
that in riser reaction zone 110. Regenerated catalyst 
gradually moves upwardly through dense phase 
catalyst bed 152, eventually flowing into a conven- 
tional overflow well 156 communicating with return 
line 158. Return line 158 is shown exiting through the 
center of dense phase catalyst bed 152, and com- 
municating with riser reaction zone 110. 

Rue gas formed during the regeneration of the 
spent catalyst passes from the dense phase catalyst 
bed 152 into dilute catalyst phase 154. Th flue gas 
then passes through cyclone 170 into plenum cham- 
ber 172 prior to discharge through line 174. Catalyst 



entrained in the flue gas is removed by cyclone 170 
and is returned to catalyst b d 152 through diplegs 
176, 178. 

The regeneration zone normally comprises a ver- 
5 tical generally cylindrical vessel wherein th catalyst 
to be regenerated is maintained as a fluidized bed by 
the upward passage of the oxygen-containing regen- 
eration gas thereby forming, as mentioned above, a 
dense phase catalyst bed and a dilute catalyst phase 
10 with an interface in-between. The dense phase bed, 
which is usually located in the lower portion of the 
regeneration zone, is maintained at a temperature in 
the range of from about 1 150° to 1400° F, preferably 
from about 1250°to 1 320° F. The density of the dense 
is phase bed may suitably range from about 8 to about 
30 Ib/ft3. 

The construction of the regeneration zone equip- 
ment described herein can be made with any material 
sufficiently able to withstand the relatively high tem- 
20 peratures involved if afterburning is encountered 
within the vessel and the high attrition conditions 
which are inherent in systems wherein fluidized catal- 
yst is regenerated and transported. Specifically, met- 
als are contemplated which may or may not be lined. 
25 More preferably, ceramic liners are contemplated 
within any and all portions of the regeneration zone 
together with alloy use and structural designs in order 
to withstand the erosive conditions and temperatures 
of about 1400° F and, for reasonably short periods of 
30 time, temperatures which may be as high as 1800° F. 
The pressure in the regeneration zone is usually 
maintained in a range from about atmospheric to 
about 50 psig, preferably from about 10 to 50 psig. It 
is preferred, however, to design the regeneration 
35 zone to withstand pressures of up to about 100 psig. 
Operation of the regeneration zone at increased 
pressure has the effect of promoting the conversion of 
carbon monoxide to carbon dioxide and reducing the 
temperature level within the dense bed phase at 
40 which the substantially complete combustion of car- 
bon monoxide can be accomplished. The higher 
pressure also lowers the equilibrium level of carbon 
on regenerated catalyst at a given regeneration tem- 
perature. 

45 The residence time of the spent catalyst in the 

regeneration zone suitably can vary from about 1 to 
about 6 minutes; typically, from about 2 to about 4 
minutes. The residence time of the flue gas may vaiy 
from about 1 0 to about 60 seconds in the regeneration 

so zone and from about 2 to about 15 seconds in the 
dense phase bed. 

A b tter understanding of the present invention 
may be obtained by reference to FIG. 3 showing in 
detail a portion of a regenerator 62 within a 

55 regenerator shell or wail 100. Spent catalyst from a 
stripping zone (not shown) is introduced via inlet riser 
conduit 70 into a dense phas catalyst bed 61, having 
a bed level 63. Regenerated catalyst from the dense 
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phase catalyst bed 61 flows downward through a 
standpipe 86. By t~e term "regenerated catalyst" is 
meant catalyst leaving the regeneration zone which 
has contacted an oxygen-containing gas causing at 
least a portion, preferably a substantial portion, of the 
coke present on the catalyst to be removed. More 
specifically, the carbon content of the regenerated 
catalyst can vary anywhere from about 0.01 to about 
0.5 wL %, but preferably is from about 0.01 to about 
0.1 wt percent 

In FIG. 3, the spent catalyst is evenly introduced 
into the regenerator bed through a cap 68, suitably 
conical in shape, which covers the spent catalyst riser 
outlet near grid 90 at the bottom of the regenerator 
bed. This grid 90 typically has an even hole dis- 
triburton. The cap 68 has several arm-like extensions 
64, 65, and 66, hereafter referred to as distributor 
arms, which duct the incoming spent catalyst and 
evenly discharge it through the bed. As will be shown 
with reference to FIGS. 4 and 5. the bottom of each 
of the arms are provided with one or more inverted 
open channels which restrict the catalyst discharge 
and force flow to the end of each arm. 

Referring to both FIGS. 3 and 5, a distributor arm 
64 is shown in side-view. A proximate end portion 67 
is shown connected to the cap 68 covering the inlet 
riser conduit 70, which conduit in operation transports 
spent catalyst into the regenerator 62. At the distal 
end of the distrftutor arm 64, a vapor stop 72 blocks 
further flow of catalyst The bottom edge 74 of the dis- 
tributor arm 64 is shown toothed or serrated along its 
length to assist in the more even discharge of catalyst 
and gas at a range of inflowing rates. In FIG. 6, the dis- 
tributor arm is seen to have a triangular cross-section 
with sides 76 and 78. This shape prevents dead catal- 
yst zones from forming above the arms, which can 
result in catalyst deactivation. Typically, cracking 
catalysts have an angle of repose of about 78 deg- 
rees. A bottom piece 80 extends along a length of the 
arm and defines a continuous channel connected to 
elongated outlet slots 82 and 84 for discharge of catal- 
yst and admixed gases. As evident, the slots face 
downward and are dimensioned to ensure that the 
gas Is propelled out, but not so high that erosion 
occurs. A slot and/or channel may be wider at its end 
and narrower at its beginning to take into account the 
diminishing velocity of the gas as it escapes through 
the outlet slot The toothed or serrated notched edge 
produces a uniform weir effect, wherein the gas flows 
out the riser conduit at a suffici ntlyhighv lodty. 

In the subject inv ntion, the velocity of th gas, 
entering the regenerator admixed with catalyst, is 
about 10 ft/sec. Thus the catalyst solids are not in a 
dense phase flow regim , but rather in as mi-dBut 
phase flow. Tli density of the solids stream is 10 to 
25 lb/ft*. In strictly d nse phase flow, th density 
would be dose to 45 lb/Ft 3 . This density rang is the 
reason th present does not require a rotating m ans. 



There is enough gas admixed with the solids to insure 
distribution through the apparatus. 

Referring again to FIG. 3, a regenerator catalyst 
coll ction system is also shown, wherein a regener- 

5 ated catalyst outlet conduit 86 is concentrically sur- 
rounded and partially covered by a substantially 
cylindrical baffle or shroud generally designated 88. 
The shroud can be supported by posts (not shown) 
connected to the grid, outlet conduit and/or wall of the 

10 regenerator. A number of catalyst entry holes 90 are 
shown on the side of the shroud. The catalyst in the 
regenerator bed can also exit via a downwardly facing 
annular aperature or slot 92 surrounding a funnel 
shaped extension of the outlet conduit 86. A substan- 

15 tially circular opening 94 at the top portion of the 
shroud 88 permits the level of the bed 63 to remain 
uniform. 

FIG. 4 shows the regenerator 62 of FIG. 3 in plan- 
view. Illustrative grid holes 96 are shown, which dis- 
20 tribute the incoming regeneration air. A plurality of 
spent catalyst distributor arms 64, 65 and 66 are seen 
to radiate from the conical cap 68. Preferably each of 
the arms is in the form of a Wade extending from the 
conical cap 68 and having an elongated channel 
25 extending longitudinally of the arm, as discussed with 
regard to FIGS. 3 and 6. Two elongated outlet slots 
may be co-extensive with said channel or there may 
be a series of shorter slots for the discharge of the 
catalyst and affixed gas. Each arm may extend 
30 radially of the conical cap perpendicularly to the axis 
thereof. Alternatively, each arm may radiate from the 
axis of the cap at an angle thereto. A downwardly 
sloping distributor arm prevents solids from settling 
out within the arm. It is also possible to have a ring , 
35 section (not shown) connecting a plurality of arms. 

Suitably each of the above-mentioned catalyst 
distributor arms are attached to the conical cap in a 
moving or sliding joint connected by a flange. This is 
preferable to a mechanical design involving welding, 
40 since mechanical forces can cause cracks which 
shorten run lengths. If there is no reason to join or 
weld an edge, then flexibiitiy and simplicity of design 
are preferred. 

FIG. 7 shows application of the present invention 
45 to the type of catalytic cracking unit in FIG. Z A 
regenerator zone 201 within a regeratorwall 202 has 
a dense phase fluidized bed 200 of level 206. Spent 
catalyst from a stripping zone (not shown) is intro- 
duced Into the dense phase catalyst bed 200 of the 
so regeneration zone via inlet conduit 204, which is 
shown ntering th left side of the reg nerator wall 
202. Regenerated catalyst from th dense phase 
catalyst bed 200 of reg neration zone 201 flows 
downward through a central standpipe 208. 
55 In FIG. 7, th spent catalyst is evenly introduced 

into th bed through a split annularring 21 0 which par- 
tially surrounds the central regenerated catalyst 
standpipe 208 transv rsing grid 212 at the bottom of 
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the regenerator bed. This annular ring 210 forms one 
or more annular ducts for transporting and evenly dis- 
charging the incoming spent catalyst through the bed. 
The bottom of th distributor ring is provid d with at 
least one inverted channel for restricting the catalyst 
discharge and forcing flow to the two ends of the ring. 
The bottom edges 21 8 of the sides of the ring may be 
provided with notches 218 to assist in the more even 
discharge of catalyst and gas at lower inflowing rates. 
The distributor ring 210 is shown connected to the 
inlet conduit 204, which in operation transports spent 
catalyst into the regenerator bed 200, 

FIG. 8 shows the regenerator zone 201 of FIG. 7 
in plan view. Illustrative grid holes 230 can be seen, 
which distribute the incoming regeneration air. The 
catalyst distribution ring 210 can be seen to extend 
from the inlet conduit204. In this embodiment, the ring 
210 defines at leastone open channel, which extends 
longitudinally the length of each side of the ring 210, 
which channel communicates with elongated aper- 
tures or outlet slots 230 and 231 which are at least 
partially co-extensive with the channel. Alternatively, 
the ring 210 may have a series of shorter slots for the 
discharge of the catalyst and air. 

As shown in FIG. 8. near the juncture 209 of the 
inlet conduit 204 and the distributor ring 210, the 
channel is preferably closed at the bottom. The two 
distal ends of the distributor ring 210 have vapor stops 
214 and 216 to block further flow. As mentioned 
above, the bottom edge 21 8 of the distributor ring may 
be toothed along its length. Similar to the distributor 
arm shown in FIGS. 5 and 6, the ring distributor may 
have a triangular cross-section to prevent dead catal- 
yst zones fromforming above the ring. A bottom piece 
may also extend along the length of the ring to define 
two slots for discharge of catalyst and airor other gas. 
The slots face downward and are dimensioned to 
ensure that the gas is propelled out, but not so high 
that erosion occurs. The channel and/or slots may be 
wider at the ends of the ring channel and narrower at 
the beginning of the channel to take into account the 
diminishing velocity of the gas as it escapes through 
the outlet slots. 

A regenerator catalyst collection system is also 
shown in FIG. 7, wherein a regenerated catalyst outlet 
conduit 208 is surrounded and partially covered by a 
substantially cylindrical shroud generally designated 
222. The catalyst in the regenerator bed may exit via 
an annular space 224 and 225 surrounding the outlet 
funnel shaped portion 226 of the outlet conduit 208. 
A substantially circular opening 228 at the top portion 
of the shroud permits the lev I of the bed to remain 
uniform. 

The present invention can provide a significant 
reduction of carbon on regenerated catalyst Since 
every 0.1 wt % carbon on catalyst Is equal to a 
gasoline yield loss of about 1 vol. % on feed, there is 
considerable potential for improved regenerator oper- 



ation by means of the present invention. The present 
invention also permits reduced regenerator holdup. 
This will result in lower catalyst costs du to better 
activity maintenance, as well as increased unit 
5 capacity due to lower bed pressur drop which adds 
to blower capacity. 

A further advantage of the invention is that the 
gas which is admixed with the spent catalyst Is more 
evenly distributed into the bottom of the bed, which 
10 prevents afterburning. This gas has a small quantity 
of hydrocarbon which has a high hydrogen content 
Thus, if it were released in a concentrated area, there 
would be preferential combustion of this gas as 
opposed to the combustion of the carbon on the catal- 
1$ yst This would result in unequal burning in the bed 
compared to locations where this hydrocarbon were 
not present Thus, the combustion gases leaving the 
bed would have different compositions in different 
areas. If these compositions were such that there 
20 were excess oxygen in one zone and excess CO in 
other zones, these gases would mix in the dilute 
phase and afterburning would result This afterburn- 
ing would result in excessive temperatures, as there 
is little catalyst to absorb the heat release. 
25 The present invention may be applied beneficially 
to a variety of types of fluid cat cracking units with little 
or no modifications and without limitations as to the 
spatial arrangement of the reaction, stripping, and 
regeneration zones thereof. Generally, the regener- 
30 ation zone of a catalytic cracking unit can bedesigned 
independently from the reaction zone, since the 
regeneration zone merely receives spent catalyst, 
oxidizes the coke thereon to regenerate the catalyst, 
and returns the regenerated catalyst to the reaction 
35 zone. Therefore, the reaction zone can be a pure 
transfer line, Le. t one in which the reaction occurs in 
a single pipe type vessel directly terminating in a 
rough cut cyclone or cyclones as in Fig. 2, a conven- 
tional dilute riser/dense bed combination as in Fig. 1, 
40 or a dense bed alone. 

While the invention has been described in con- 
nection with specific embodiments, it will be under- 
stood that this invention is capable of further 
modification, and that this application is intended to 
45 cover any variations, uses or adaptations of the inven- 
tion, including such departures from the present dis- 
closure as come within known or customary practice 
in the art to which the invention pertains and as may 
be applied to the essential features hereinbefore set 
so forth, and as fall within the scope of the invention. 



Claims 

55 1. A spent catalyst distribution system for a 
regenerator bed portion of a fluid catalytic crack- 
ing unit comprising at least one elongated dis- 
tributor means, conn cted to a spent catalyst inlet 
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conduit. introducing and evenly distributing 
spent re st and admixed gas into the bed of the 
regenerator, which distributor means is provided 
with at least one channel for restricting the catal- 
yst and admixed gas discharge and forcing flow 
out at least one elongated slot and towards the 
end of the distributor means, the distal end of 
which has a means to block the further flow of 
spent catalyst and admixed gas. 

2. The distribution system of claim 1, further com- 
prising a cap for diverting spent catalyst and 
admixed gas, entering the bed of the regenerator 
through said spent catalyst riser conduit, to said 
distributor means, which distributor means com- 
prises either (I) one or more substantially straight 
elongated distributor arms; or (ii) a split annular 
distributor ring, having closed ends, at least par- 
tially surrounding a central regenerated catalyst 
outlet standpipe, which distributor ring forms at 
least one elongated annular duct or channel for 
transporting and evenly discharging spent catal- 
yst entering the bed of the regenerator, and whe- 
rein the channel restricts the catalyst discharge 
and forces flow out one or more elongated slots 
and towards the ends of the distributor ring. 

3. The distribution system of claim 2. comprising a 
plurality of distributor arms radially extending 
from said cap. 

4. The distribution system of claim 2 or claim 3, whe- 
rein said cap is substantially conical in shape. 

5. The distribution system of any one of claims 2 to 

4, wherein the eide(s) of the or each distributor 
arm or ring is or are toothed along its length or 
provided with notches to assist in more even dis- 
charge of catalyst and admixed gas from said dis- 
tributor means. 

6. The distribution system of any one of claims 2 to 

5, wherein said distributor arm or ring has a trian- 
gular cross-section with two downsloping sides to 
prevent dead catalyst zones from forming above 
the distributor arra 

7. The distribution system of any one of claims 2 to 

6, wherein a bottom piece extends along a length 
of said distributor arm or ring to define at least two 
elongated slots or apertures extending longitudi- 
nally of the arm, which slots are for th discharg 
of catalyst and admixed gas, wherein th slots 
face downward and are dimensioned to nsure 
that the gas is propelled out, but not so high that 
erosion occurs. 

8. The distribution system of claim 7, wherein (i) said 



slots are wider at th nd and narrower at the 
beginning to take into account the otherwise dimi- 
nishing velocity of the gas as it escapes through 
the slots, and/or (ii) said channel is wider at the 
5 end of the distributor ring and narrower at the 

beginning of the distributor ring to take into 
account the diminishing velocity of the gas as it 
escapes through the slots. 

10 9. The distribution system of any one of claims 2 to 

8, wherein each distributor arm or ring has a 
series of slots for the discharge of the catalyst and 
gas. 

15 10. The distribution system of any one of claims 2 to 

9, wherein the distributor arm either extends 
radially from the cap perpendicularly to the axis 
thereof or radiates from the axis of the cap at an 
angle thereto. 

20 

11. The distribution system of any one of claims 2 to 

10, wherein a ring section connects a plurality of 
distributor arms. 

25 12. The distribution system of any one of claims 2 to 

1 1, wherein the distributor arm is attached to the 
cap in a moving or sliding joint connected by a 
flange. 

30 1 3. The distribution system of any one of claims 2 to 

12, wherein the distal ends of the or each dis- 
tributor arm or ring have vapor stops to block 
further flow. 

35 14. The distribution system of any one of claims 1 to 
13 in combination with a regenerator catalyst col- 
lection system, comprising a substantially cylin- 
drical shroud concentrically surrounding a top 
portion (e.g., in the form of a funnel-shaped over- 

40 flow well) of a vertical regenerated catalyst outlet 
conduit, wherein said shroud is disposed in rela- 
tion to said conduit so as to form an essentially 
downwardly facing annular slot or aperture, be- 
tween the outlet conduit and the shroud, through 

45 which the regenerated catalyst exits the bed in 
operation, and further comprising a substantially 
circular opening at the top portion of the shroud 
to permit the level of the bed to remain uniform. 

so 15. Th distribution system of claim 14, further com- 
prising a plurality of openings ( .g., circular 
orifices) drcumferentially formed along the sides 
of the shroud beneath the level of said bed, so 
that in operation the reg n rated catalyst in the 

55 regenerator bed exits via either said openings or 

via said annular slot between said outlet conduit 
and said shroud. 
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